restorations may get affected due to surface alterations caused by laser irradiation. 4 Certain studies have found improved adhesion and less microleakage with laser irradiation. 5, 6 Lower microleakage has been observed in tooth surfaces irradiated by lasers. [7] [8] [9] Studies investigating microleakage of composite restorations following the application of lasers have primarily focused on permanent teeth and also on the type of adhesive systems employed. 1, 7, 10, 11 Primary dentin has been assumed to be different from permanent dentin due to the variable amounts of mineral components, as well as different morphology and structure. 12 Hence, the objective of this study was to evaluate the microleakage of a composite resin restoration in primary teeth following laser irradiation of enamel and dentin.
Methods
Forty freshly extracted intact human primary upper and lower anterior teeth were used in this study. These teeth were extracted as they were over retained or were causing excessive discomfort to the child due to preshedding mobility. Teeth that were free of cracks, restorations, caries and other imperfections/anomalies were included in the study. The selected teeth were stored in 0.1% thymol solution until the experiment was carried out. The surfaces of teeth were debrided using hand scalers and cleaned with pumice slurry. They were then mounted on acrylic resin blocks such that only their crowns were exposed. The teeth were randomly divided into two groups (I and II), with 20 teeth in each one. In group I, proximal cavities were prepared using an airotor handpiece (NSK, Japan) and diamond bur (No 4, No 169L, No 330FG). The cavity dimensions were as follows: 0.5 to 1 mm deep, 2 mm each in height and width. Following cavity preparation, the teeth were washed with water and the cavities were air-dried with oil-free compressed air. ) was used to prepare proximal cavities. Laser irradiation was done by using a turbo handpiece, which was placed 8-10 mm away from the teeth. Laser irradiation (4 W, 15 Hz) at 60% air-water level was used to remove enamel. On reaching the dentino-enamel junction, the laser energy was reduced to 3 W at 60% air level and 30% water level, and cavity preparation was carefully completed. The cavity was then rinsed, air dried and was not etched. Application of bonding agent and restoration of the cavities was carried out in a manner similar to that of group I. All teeth samples were transferred in a sealed container containing distilled water to laboratory and stored at 37°C for 24 hours. The teeth were subjected to 500 thermocycles, at temperature between 5°C and 55°C, using a water bath. 7 The entire tooth was covered with nail varnish, except for a small area of 4mm around the margins of the prepared cavity. The teeth were immersed in 2% methylene blue for 24 hours, rinsed in tap water and the superficial dye was gently removed using pumice slurry and a rubber cup. A diamond disc at slow speed was used to section the teeth longitudinally in a bucco-lingual direction at the centre of the cavity in order to obtain two halves. The sections of all the groups were examined under a stereomicroscope (Lawrence and Mayo, USA) at 32 X magnification for micro-leakage. Microleakages were scored according to the criteria given by Ovrebo and Raadal as: Figure 1D ) Data obtained was subjected to statistical analysis using unpaired independent t test and SPSS 19. The P value < 0.05 was considered as significant and P < 0.001 was taken as highly significant.
Results
The mean scores for microleakage were 1.95 ± 1.31 in group I and 1.4 ± 1.27 in group II. No significant difference was seen between the two groups (P = 0.882; Table  1 ). No microleakage (score 0; Figure 1A ) was detected in 5 (25%) conventional cavities (group I) and in 7 (35%) laser etched cavities (group II). In Table 2 , 11 (55%) con-ventional cavities (group I) and 6 (30%) laser etched cavities (group II) showed complete microleakage (score 3; Figure 1D ).
Discussion
Restoration of interproximal caries in primary anterior teeth can be quite challenging due to their small crown size, lesser enamel thickness and relatively larger pulp chambers. Conservative cavities are indicated in primary teeth with consideration to the depth of cavity preparation and restorative material placed. Control of moisture, bleeding at the gingival margins and retention of the rubber dam could be difficult to achieve in order to obtain a successful result. In many instances, the retention of very small restorations is compromised due to inadequate preparation of the tooth. 14 Irradiation with Er,Cr:YSGG laser is advantageous to remove carious enamel and dentin or to prepare cavities in pediatric dentistry because it does not damage the surrounding tissues.
1 During cavity preparation, thermal damage to the underlying pulp can be prevented by using an adequate water spray and with a careful irradiation technique. 15 A few studies have been conducted on the use of Er,Cr:YSGG lasers in primary teeth. 3, 16, 17 Most of them have reported ultra-structural morphological changes following cavity preparation, as observed under a scanning electron microscope. 3, 16 Since surface texture of both enamel and dentine are altered following laser irradiation, it is necessary to assess the effect of Er,Cr:YSGG laser on microleakage. Laser energy with 60% air and 30% water level was used for cavity preparation. In spite of most radiation being absorbed by water, a certain amount of heat transmission cannot be avoided. Therefore, cooling with a water spray was done to prevent damage to surrounding tissues and pulp. 17, 18 Hence, at the start of cavity preparation, laser irradiation was performed in a non-contact mode with maximum energy density of 5 W. The dentin thickness overlying the pulp of primary teeth is relatively thin, and has wider dentinal tubules. 19 Therefore, on reaching the dentino-enamel junction, and while preparing the floor of the cavity, care was taken to lower the power output to 3 W of energy to avoid thermal damage to the underlying pulp. 1 In the present study, the restored primary anterior teeth samples were subjected to thermo cycling in order to simulate thermal changes occurring in the oral cavity. Clinically, the amount of microleakage at the restoration margins is important because it could lead to post operative sensitivity, secondary caries and pain. 17 Microleakage has been determined by many quantitative and qualitative methods that include the use of dyes, scanning electron microscope, electrochemical technique, nanotechnology and reversible radioactive adsorption. [20] [21] [22] [23] [24] [25] Dye penetration test was utilized in our study to assess microleakage. It is a widely used and generally preferred method because it is easily available, cheap, and non-toxic. 26 In cavities that were conventionally prepared, etching with phosphoric acid resulted in removal of smear layer and exposure of enamel prism sheaths and dentinal tubules. 27 In this study, microleakage was seen to be higher following conventional etching. This is probably because there are no definite etching patterns seen in primary teeth. There is only a surface roughing with no complete demineralization of dentin. Etching for a shorter duration of time has been seen to result in lower diffusion of hydrogen ions due to buffering action of the inorganic constituents present in enamel and dentin, which limits the extent of demineralization. [28] [29] [30] Surfaces produced by laser etching were found to be more irregular. Er,Cr:YSGG lasers have a wavelength of 2.78 µm which is absorbed by the hydroxyl ions present in hydroxyapatite. There is a low increase in temperature of the outer layer, without damaging adjacent tissues. When Er:YAG lasers are applied to dentin, the high energy causes an uneven irregular rough surface. 31 There are controversies regarding microleakage with laser preparations. While some studies found no difference in terms of leakage between cavities prepared by laser and those prepared by conventional method, others have demonstrated that lasers are associated with higher leakage. Most of these investigations were on Er:YAG laser.
3,5,11,32-34 Yamada et al stated that cavities prepared in primary teeth by Er:YAG lasers and restored with composite resins resulted in less microleakage that was similar to etched bur cavities. 15 No significant differences were observed between Er,Cr:YSGG laser and conventional burs in microleakage at the cervical margins of composite restorations in permanent teeth. 15, 34 In another study, higher microleakage occurred with phosphoric acid etching following bur or laser cut surfaces than with surfaces created using only the laser. 7 The highly irregular surfaces following laser treatment results in loss of smear layer, intact enamel rods and opening of dentinal tubules. 15, 27 In the absence of a smear layer, there can be improved adhesion due to better penetration of both primer and adhesive. 3, 13, 27 Howev- er, Bertrand et al reported of better marginal adaptation of restorations in permanent teeth, when Er:YAG laser preparation was followed by total acid etching. 35 In the present study, there was microleakage observed in both groups. Restoring teeth with composite resins is highly technique sensitive and procedural errors can affect the quality of the restoration. The presence of gaps at the resin-tooth interface can be due to poor adaptation or less penetration of resin material into dentinal tubules, entrapped air and inadequate curing of the material. 15 Resins with good flow characteristics and surface treatment of laser-prepared cavities has been suggested for better wetting and penetration. 15 Due to its higher water content, dentin presents a strong thermo-mechanical interaction with Er,Cr:YSGG laser irradiation. The absorption of laser energy is greater by inter-tubular dentin due to its higher collagen matrix and water content, which leads to an unexpected rapid rise in temperature and water evaporation. 36 There is an increase in pressure leading to a series of mini explosions with expulsion of tissue particles, which are typical of laser irradiation and gives the appearance of small circular depression-like cavities in the treated surfaces. 37 Unlike conventional rotary burs, there is no smear layer produced in cavities prepared by laser application. 36 Due to the low surface energy of the smear layer, it interferes with adequate adhesion of restorative materials to both enamel and dentin. Thus, better bonding to lased dentin may result without the presence of a smear layer, 38, 39 which could also reduce microleakage. Perception of pain was lower in children following the use of Er,Cr:YSGG laser for cavity preparation. 40 Simple techniques involving less chair side time are preferred by both parents and patients.
Conclusion
In comparison to conventional burs, cavity preparation using Er,Cr:YSGG laser irradiation did not show any significant difference in microleakage of the composite restoration.
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